will often switch to another TNFi or escalate the dose of the treatment 17, 18, 19 . While data from randomized clinical trials have provided some information on different doses of TNFi agents, only a few studies have evaluated the effect of dose escalation on clinical outcomes 6, 20, 21 . There is also significant cost associated with TNFi therapy, and the cost effectiveness of these agents has been challenging to evaluate 22, 23, 24, 25, 26 . There is a critical need for information on the use of TNFi agents in clinical practice over longterm observation periods to fully understand these issues.
The US Veterans Affairs Rheumatoid Arthritis (VARA) registry is a prospective, multicentered, observational study collecting clinical information during routine clinical practice that can be correlated with VA pharmacy databases. Merging data from the VARA registry with these VA administrative databases has been a successful strategy to evaluate the effectiveness of arthritis medications 27 , including the effect of methotrexate (MTX) adherence on clinical outcomes in RA 28 . Similar methods can now be used to evaluate persistence and dose escalation with TNFi agents.
The primary objective of our study was to identify the initial VA-based course of TNFi therapy with the 3 most commonly used TNFi agents in the VA [adalimumab (ADA), etanercept (ETN), and infliximab (IFX)], and to determine the persistence with the first course of therapy and rates of switching to a second TNFi agent. Secondary objectives were to determine the frequency of dose escalation during the first course of TNFi therapy, evaluate the comparative effectiveness of these agents used at standard and escalated doses, and compare drug and medication-related administration costs associated with these treatments.
MATERIALS AND METHODS
Patients. The VARA registry is a prospective, multicenter, observational study involving 12 VA medical centers (Birmingham, Alabama; Brooklyn, New York; Dallas, Texas; Denver, Colorado; Jackson, Mississippi; Iowa City, Iowa; Little Rock, Arkansas; Omaha, Nebraska; Portland, Oregon; Philadelphia, Pennsylvania; Salt Lake City, Utah; and Washington, DC). The VARA registry has been fully described elsewhere 5, 29 .
All patients who were enrolled in the VARA registry prior to September 30, 2011, were evaluated. All patients had a diagnosis of RA confirmed by a rheumatologist using the 1987 American Rheumatism Association diagnostic criteria for RA 30 . Patients were included in the analysis if their first TNFi therapy was initiated after March 17, 2003 (the date when all 3 TNFi agents analyzed were available for prescription within the VA) and on or prior to September 30, 2010 , to allow the potential for at least 1 year of observation through September 30, 2011. Patients with any TNFi exposure prior to March 17, 2003 , were excluded from our study. Patients had not received any non-TNFi biologic agents within the VA prior to their first TNFi exposure. Data were not available to evaluate biologic agent exposure prior to VA enrollment. Patients were required to have been enrolled in the VA for at least 6 months prior to their first TNFi prescription to identify patients newly initiating TNFi treatment within the VA. VA enrollment was defined as the date of the first VA-based encounter for any episode of VA-based clinical care. The selection of patients from the VARA database for inclusion in our study is shown in Figure 1 .
Data sources. Three administrative VA databases were used in the analysis 31 : the Corporate Data Warehouse (CDW) 32 , the Decision Support System (DSS) National Pharmacy Extract 33 , and the Pharmacy Benefits Management (PBM) database 34 . In these 3 datasets, information is provided on individual dispensing episodes by VA pharmacies, including the date of dispensing, number of items dispensed, expected duration of the treatment prescribed, and the prescription instructions 34 . In addition to these databases, chart annotation information was obtained from the VA electronic medical records. The VA stores patient medical records in electronic format in a clinical information system known as the Veterans Health Information Systems and Technology Architecture (VistA). Care providers can review and update patient medical records and place orders for medications, procedures, and tests through graphical user interfaces such as the Computerized Patient Record System or VistA Web.
Algorithms were used for ADA and ETN to integrate the information from these 3 sources (CDW, DSS, and PBM), and to define each dispensing episode for each patient. For each episode, the amount of the drug dispensed (number of syringes), patient instructions, and expected duration of the treatment episode were determined. Data for IFX infusions were not consistently detected across the 3 datasets. For all patients with an IFX infusion noted in any of the 3 databases, a full individual patient medical record review was completed by trained chart abstractors. A note in the patient's medical record was required to report an IFX infusion; if an infusion was noted in the patient's medical record, but no dose was recorded, an algorithm was used to determine the IFX dose based on the PBM and CDW databases and the infusion history. The algorithm assigned the dose based on doses recorded for infusions administered prior to and following the infusion with the missing dose.
Study outcomes. Each prescription of a TNFi agent was defined as a dispensing episode. The selection of TNFi agent was by patient and provider preference without specific prescribing guidelines. The expected days of supply were determined based on the dosing instruction and number of syringes dispensed. A drug course was defined as a period of continuous TNFi treatment consisting of 1 or more dispensing episodes without a gap of ≥ 90 days between the expected end of the days of supply for that episode and the start of the subsequent dispensing episode. The reason for drug discontinuation was not identified. Duration of treatment was calculated as the time from the date of first treatment until the date of the expected end of the last dispensing episode for the injectable TNFi agent or 8 weeks after the last IFX infusion (based on the longest recommended dosing interval in the prescribing information). Persistence was defined as the number of days from the course start date to course end date or the date of a switch to an alternative TNFi, whichever came first.
Dose escalation was defined as a ≥ 25% increase in the average daily dose for the injectable TNFi agents ADA and ETN during a single dispensing episode in comparison with the previous dose. The daily dose was calculated by dividing the total amount of drug dispensed (mg) by the time period (days) for the prescription as noted in the dosing instruction for each dispensing episode. For IFX, dose escalation was defined as either an increase of ≥ 25% in the infusion dose without a change in dosing interval or a decrease in interval between infusions of ≥ 25% without a concurrent change in dose in comparing sequential dosing episodes.
Drug costs and associated drug administration costs were calculated based on VA pricing using the VA PBM prices. ADA has a Blanket Purchase Agreement price, while ETN and IFX have a Big 4 price (available only to the VA, Department of Defense, Public Health Service/Indian Health Service, and US Coast Guard) 31 . For this analysis, the most current pricing was used, specifically the January 1, 2013, to February 28, 2014, Federal Supply Schedule pricing for ADA; September 30, 2012, to September 29, 2017, pricing for ETN; and January 1, 2013, to February 29, 2016 , pricing for IFX. These costs for ETN were $139.54 US for 25 mg syringes and $279.08 for 50 mg syringes; for ADA $506.78 for 40 mg syringes; and for IFX $456.81 per 100 mg vial. All IFX infusion costs were based on the cost for 100 mg vials, rounded up to the number of 100 mg vials used. Administration costs were based on VA dispensing costs for the injectable medications ETN and ADA, and infusion costs for IFX.
The administrative cost for each dispensing episode of ETN and ADA was $25, and for each IV administration episode of IFX was $169.09. The total drug costs were the sum of the direct drug costs and the drug administration costs. Costs are reported as the cost per year of treatment.
Costs were calculated for the first course of TNFi treatment for each of the 3 agents under study. The subsequent cost was then evaluated according to the initial drug assignment and calculated on an annualized basis. The second-course costs were attributed according to their initial TNFi assignment for the agent that was selected for the second course of therapy. The cost for all courses of TNFi therapy was calculated as the costs for all TNFi therapy according to the initial TNFi assignment. These total costs were designed to examine cost outcomes based on total cost for a patient according to the initial TNFi selected. For patients with dose escalation, the total medication cost included the costs of increased dosing.
Disease activity was assessed using the Disease Activity Score based on 28 joints (DAS28) 35 with the erythrocyte sedimentation rate as the indicator of inflammation. The DAS28 prior to TNFi therapy was defined as the average of all reported DAS28 values from VARA enrollment until 30 days after TNFi start date. The post-TNFi DAS28 was the average of all DAS28 values beginning 90 days after TNFi course start date to allow for the medication to take effect, until the course end date. Changes in disease activity were reported as the difference between the mean DAS28 before TNFi therapy and the mean DAS28 after TNFi therapy for all patients with values at both timepoints. Statistical analysis. Continuous data are presented as means and 95% CI for the 3 treatment groups. Dichotomous data are presented as proportions and 95% CI. The focus on CI instead of p values provides evidence for the stability of estimates along with statistical significance testing -when the CI do not overlap between 2 groups, then the p values are > 0.5 and considered significantly different 36, 37 . Time-to-event (discontinuation and dose escalation) plots were conducted using Kaplan-Meier methodology and rates were compared using Cox proportional hazard ratios. 
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The Journal of on June 25, 2017 -Published by www.jrheum.org Downloaded from enrollment in the VARA registry. Our study was approved by the University of Utah Institutional Review Board and the VA Research Service. Our study was also approved by the Scientific and Ethical Advisory Board of the VARA registry for analysis of VARA and VA administrative data. Data were collected and evaluated by the investigators at the Salt Lake City VA Medical Center, who are responsible for the manuscript and results reported.
RESULTS

Patients.
Overall, demographic characteristics at baseline were similar between patients receiving ADA, ETN, and IFX (Table 1) ; however, patients receiving IFX were older at the start of TNFi therapy. Most patients received combination therapy for their RA. Patients taking IFX also had a longer mean duration of disease (12.4 yrs) than did patients taking ADA (9.7 yrs) or ETN (10.5 yrs). More patients receiving IFX (70%) were taking prednisone at baseline than were patients receiving ADA (57%) or ETN (58%). The median IFX infusion dose was 400 mg (range 160-1300 mg) and the mean (SD) was 395 (133) mg. Duration of treatment and clinical outcomes with first course of TNFi. Duration of treatment and persistence on drug with the first course of TNFi agent were similar between treatment groups (range, 24.2 to 27.9 mos; Table   2 ). Persistence on the first course of TNFi therapy was also similar between treatment groups (Figure 2 ). DAS28 at baseline was similar across treatment groups (range, 4.62 to 4.95), and no statistically significant differences in improvements in mean DAS28 score were observed between groups (Table 2) . For the second course of TNFi therapy, duration of treatment was numerically longest for patients initially receiving IFX, but the differences between treatment groups were not statistically significant (Table 3) . Dose escalation. Fewer patients receiving ETN (2%) underwent dose escalation during the first year on their first course than did patients receiving ADA (16%) or IFX (64%; Table 2 ). Persistence on the initial dose without escalation was longer for ETN and ADA compared with IFX (p < 0.001; Figure 2 ). All patients receiving IFX underwent dose escalation by 30 months on the first course of therapy on the drug (Figure 3) . Costs of treatment. During the first course, the costs for drug acquisition were numerically higher for IFX than ADA or ETN; however, those differences were not statistically significant ( Table 3 ). The total annual cost of therapy, including drug costs and medication administration expenses, was statistically significantly higher for IFX than
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The Journal of on June 25, 2017 -Published by www.jrheum.org Downloaded from for ADA and ETN, a difference that was driven by additional costs of administration. Similar patterns in costs were seen during the second drug course, and for all courses of medication according to the initial treatment assignment.
DISCUSSION
In US veterans with RA enrolled in the VARA registry, rates of persistence were similar among patients receiving ADA, ETN, and IFX during their first course of treatment. Prior studies have reported different persistence rates with TNFi therapy. In the COnsortium of Rheumatology Researchers of North America (CORRONA) database reporting over 24 months of potential TNFi exposure, an analysis of biologic-naive patients showed greater persistence at 12 and 24 months for IFX than for ADA or ETN 38 . Higher persistence with IFX has also been reported in a US pharmacy database analysis 39 , while some European cohorts showed the lowest persistence with IFX 40, 41 . In the Danish registry comparing ADA, ETN, and IFX, persistence was highest with ETN and lowest with IFX, with 56% and 41% of patients, respectively, remaining persistent at 2 years 42 . Similar comparative results were reported from an Italian registry in which ETN was stated to have greater persistence than either ADA or IFX, although the overall persistence rates were higher than those seen in our study for all agents 43 . When switching to a second TNFi, no differences in persistence were noted among the agents 44 . These results suggest a variation in persistence in different populations, but overall persistence rates appear similar to those observed in our study.
Dose escalation was significantly more frequent with IFX than with ADA or ETN in our study. It should be noted that dose escalation is described in the ADA and IFX labels, but not in the ETN label, which may have contributed to the low rate of dose escalation with ETN. In a placebo-controlled clinical trial of ADA with or without MTX in which dose escalation from every other week to weekly was mandated in patients not achieving 20% improvement in the American College of Rheumatology criteria response after 16 weeks, the dose of ADA was escalated in 11% of patients receiving ADA and MTX, and 25% of the patients receiving ADA monotherapy 6 . This prior study reported that the increase in ADA administration from every other week to a weekly dose had minimal effects on measures of efficacy 6 . These rates of dose escalation of ADA previously reported 6 were similar to the rate of 16% observed in our study. Consistent with our finding, dose escalation was more frequent with IFX than with ADA or ETN in the CORRONA database 38 . Other studies have reported dose escalation to be more common with IFX and ADA than with ETN 19, 40, 45, 46, 47 .
It is important to note that in our study there were no clear differences in clinical outcomes based on DAS28 in patients who underwent dose escalation compared with patients who continued their original dose. Comparative efficacy studies with biologic agents have been limited 48, 49 . Registries have generally reported either similar clinical efficacy 38 or similar rates for discontinuation for effectiveness and adverse events 18, 42 , although greater effectiveness has been reported with ADA in 1 study 41 . No randomized clinical trials have compared the efficacy of different TNFi agents. However, greater clinical improvement in patients with RA beginning their first TNFi agent than in patients switching between TNFi agents has been reported 38 . These data and our observations suggest that dose escalation is often associated with added costs without increased benefit.
The use of biologic agents is associated with significant costs. Several cost benefit analyses have evaluated these treatments and reported that these agents are cost effective by currently acceptable standards, although the cost effec-
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The Journal of on June 25, 2017 -Published by www.jrheum.org Downloaded from tiveness may vary according to patient characteristics 22, 23, 24, 25, 26 . Similar to our results, other studies have noted higher costs with IFX therapy than with the injectable TNFi agents 47, 50 , although 1 study reported higher costs with ADA 40 . Our data suggest that in a VA population initiating TNFi therapy, the cost of IFX is higher than the cost of ETN and ADA without significant differences in clinical outcomes.
Strengths of our study included the large number of patients with RA, confirmed diagnoses of RA, geographical diversity of the patient population across the United States, and a patient population that largely remained within the VA system. The uniformity of administrative data and the standardized electronic medical record allowed for consistent collection of data across medical centers and standardized calculation of both treatment courses and costs. The ability to correlate information from the administrative databases with clinical outcomes allows the assessment of drug persistence, dose escalations, cost, and clinical responses across a national dataset. The VA has allowed the use of TNFi agents in patients requiring biologic therapy without restriction to specific agents, thus allowing a comparison of use of all agents available for VA prescription. This benefit makes it less likely that VA patients will discontinue biologic agents because of cost.
Our patient population was US veterans who are predominantly men with longstanding RA; they may not represent the most commonly affected population in RA, thereby limiting the generalizability of our findings. The sole source of information on biologic agents was from the VA databases and we were unable to ensure that patients were not receiving biologic agents from other sources outside the VA; however, our experience is that US veterans receiving their care through the VA are very unlikely to receive biologic agents from outside sources owing to the high cost of treatment and the availability of the benefit in the VA. The VA has the benefit of federal contracts for TNFi therapy, which can provide its patients these agents at a cost that may not be available to the general public. Also, administrative costs as reported are the incremental costs for the dispensing and infusion. These differences in pricing may make it difficult to compare our results to non-federal funding systems. Our study could not determine the factors associated with the selection of a specific biologic agent or the discontinuation of an agent. Such factors could confound the observed results.
In the VARA registry, persistence was similar for all 3 TNFi agents, but dose escalation was more frequent with IFX and ADA than with ETN. Clinical responses to these therapies were similar during the first course of TNFi therapy, as well as after switching to a second agent. Initial treatment with IFX was associated with higher cost without significant difference in clinical outcomes in comparison with ADA and ETN. The cost difference was associated with a high rate of dose escalation in patients receiving IFX in comparison with ADA and ETN. Because of intrinsic potential confounding factors in observational studies, additional studies are required to provide information on treatment patterns and clinical outcomes to assist the clinician in selecting TNFi agents for the treatment of patients with RA.
